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ppiatfri Applications 

This apphcationcontains subject matter related to copendingU.S. ApphcaUon^ 

DockgtNa 66396-034), filed June 13, 2003. 
TVrhnical Field 

The present disclosme relates to electrical system testing, more pamcularly to 
determinin gand displayingimpedancevalues a, various vehicle system circuit pomts. 

Back ground . . 

Devices of various types are commerciallyavailab.e for testing and evaluahngbattenes, 

,ech„icianw i ,lindependen«.ytes«.heba..ery,aHe ra atorands,a rt eron.y.of 1 nd,ha,eachof.hese 

,he vehicle. Such difficuhy may be caused, for example, hy high impedance in the system hat 
, imi ,s availahlecrankingcurremwhenmesystemis under load. High impedance may be the 
^uhofcontribu.ingfac.ors.suchaspoorcon.ectionsa.variouscirenit.oca.ions.cneutt 

dements that are no, individually accessible for connection to the tester, or a combination of 
individua, faults. A cable itself may have inherent impedance tha, is detrimental to the system. 
Use of conventional DC ohmeters with conventional testing methods are unable to obtatn 
readings having fine enough resolution to detect such cable impedance. 

A need exists for a tester that can provide a continuous reading or display of tmpedance 

^change in impedance as, he, ested circuit points arc changed. Such provistonwould also be 
ofsignificantbenefi, for real fime display of the effect on impedance by changes, n loading 
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co„dmonsof«h«s y s«e m .Aneeda 1S oexi St sfora t es,i„gme t ho4capab,eofh i gh re so,u,io„ 

impedance detection. 

A shortcoming of conventional testers is the difficulty in connecting teat leads to 
r em„,e circuit points in a vehicle. In a large true*, for example, system circuit elements near 
th e fion, of the vehicle may be readi.y acceaaib.e white connection of the test ,eads to other 
,es, points ia inconvenient or impossible with conventiona. test leads. A tether need thus 
exists for an abi.ity to readily gain access to any test point in the electrical system. 
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T^hniral Disclosure 

The presentdisclosurefulftUsthesc and other neeris in partbyprovidmgasystem tester 

in whrch load leada and sense leada are connectable to any two points of an electrical circutt, 
such as in a vehide system, and display means for displaying in rea, time the impedance 
hetween the separate points of the circuit. A controller is responsive to various sensed srgnals 
to ca.cu.ate impedance and rdared parameter, such as availab.e cranking current or a 

mis disdosure in a generic sense to encompass conductance and admittance — - 
whrch arc direct.y re.ared to impedance. It is to be understood that the resu.ta obtamed by the 
system .eater, although described as impedance values, may be expressed m terms of 
conductance or admittance aa well aa, or in lieu of, impedance. 

A load may be connected across the circuit points under test with an altemarmg current 
source applied thereto. A current sense amplifier connected to the load leads, a DC voltage 
amplifier, a ripple amplifier, and an AC amp.ifier connected to the sense leads each prov.de 
sensed signa, to a respective input chamre, of an ana,og to digital converter. The analog 
digital converter output is applied to the contro.ler. The controller selects approprrate channe, 
outputs from the analog to digital converter as required for the particular calculatton 

""beneficial aspect of the system .eater is that impedance values can be calculated for a 
pmrality of circuit points a. which the load leads and sense leads may be connected. The 
calcmated impedance values can be compared with respective threshold values tha, may be 
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pushed or inpu, by a user. Res* can then be displayed in ft. fonn of tmped-ce 
Louts as wen as analysis .hereof. For examp.e, a simple "pass-faU" indicaUon can be 
displayed for each res. or a more detailed report, such as the variance between tested 

can be calculated and displayed. 

A further aspect of the disclosure is the ability of the system tester to offset a meas red 

tapedance value, for example battery impedance, obtained in a firs, m from the measured 
lofimpedanceina^nentrest.Tbemeasuredimpedanccvaineinthefrrst.esrmay 

b e stored in the controller as a reference value pursuant a use, inpnt mat may be entered m 
res ponse to a prompt by the tester. The subsemren, test may be made at circur, pom, that 
Mode the battery and associated circuitty. The control.er wUl offset the measured 
tarpedance value by the offset value so tha, me device can display on,y the rmpedance of me 
associated circurtry. As another example, the lane, tea. may be made a, the same crrcu, 
p„i„,s under different load conditions or battery charging conditions, and the d,ffere„ce ,n 
measured tmpedance is directly dismayed. The offset display capability may be a system 
feature that is an optional mode offered to the user. The tester may prompt for the user s 
preference as to whether the measured or difference value is to be displayed. 

An additional benefit of the present disclosure is provided by an automated method for 
resting an electrical circuit of a vehide using a system tester. Good lead connections to 
e,ec«rica, circuit points under test can be verified, hnpedance between the crrcrnt pom^ „ 
Elated and displayed. The user may be prompted as ,„ whether addrttona. .csttng rs to b 
perfonned. Testing continues in this manner unti, the user indicates mat testtng ,s . completed. 
Subsequent tests may be made a, the same circutt points or circuit points drfferen. from 
, pnor res, and may be made under different conditions, such as operation under vanous batKry 

vanous tests may be chosen by the user or induded as a suggestion ,n a prompt. For examp , 
a firs, test would be made ac TO ss battery terminals and successive tests made by changmg one 
or bot h connections to other points in the circuit, for examp.e a starrer or alternator, to 
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pinpoint possible abnormal impedance detected between wo snccessive test site, The system 
m ay storepre-established impedance threshold values forthe varions circuit sites and may 
permit .he user to enter threshold, The system may perform analysis and other calculous, 
such as determining avai.ab.e cranking current in, for exampk, a test of the starting circut.. 
Additional advantogesofthepresentdisclosnrewillbecomereadnyapparenttomose 

skilled in this art from the following detailed description, wherein only the preferred 
embodiment shown and described,simplyby wayofillustrationofthebestmode 
contemplated. As will be realized, the disclosure is capable of other and different embodiments, 
andits several details are capableofmodificationsinvariousobviousrespec.s.a.lw.hou, 
departing from the disclosure. According*, the drawings and description are to be regardedas 
illustrative in nature, and not as restrictive. 



RHpf Descrir ^"" of Drawings 

The present disclosure is illustrated by way of example, and no. by way of hm.tat.on, 
,5 in .he flgures of .he accompanying drawing and in which like reference numerals refer to 

similar elements and in which: 

Fig 1 is a block diagram broadly illustrative of a typical vehicle system circuit. 
Fig 2 is a diagram of tester system in accordance with the present disclosure. 
Figs. 3a-3d comprise a flow chart exemplifying a testing routine in accordance with 

20 the present disclosure. 

Fig 4 is a flow char, illustrative of another aspect of the present disclosure. 
Fig. 5 is a diagram of a lead connecting device that may be used with tester system 
shown in Fig. 2. 



25 Detailed Description 

Fig 1 is a generalized block diagram of a vehicle electrical system. Badery 10.stax.er 

,2 and alternator 14 are shown connected in parallel for simplicity of illus.rat.on. An 
auxiliary test terminal also may be provided to permit easier access for connection to the 
positive battery terminal. Electrical circui. 16 represents in general .he remaining electncal 
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elements and circuitry that draw current from the battery, including, for example, voltage 
regulator, radio, headlights, etc. Although shown as a block diagram also connected m 
parallel with the battery, it is understood that various series interconnections exist that are well 
known vehicle electrical circuit interconnections. Test leads of a tester, to be more fully 
described below, may be applied to the terminals of these devices individually or across any 

points in the electrical system. 

Fig. 2 exemplifies a system tester of the present disclosure connected across the battery 
terminals. The bold leads correspond to the vehicle connections shown in Fig. 1 . While the 
tester is shown connected across the battery terminals, in operation testing may progress to 
various other circuit connection points. The tester incorporates a four point connects, 
known as a Kelvin connection, to the circuit points under test. A Kelvin style lead set allows 
two independent signals to be transferred to a device under test without affecting one another. 
A conventional Kelvin lead set has a 4 wire connection with two separate pairs of conductors. 
A load signal can be applied with one set of conductors while the other set measures a prec.se 
voltage measurement at the same point at which the load is applied to the device under test. 

The four points of connection are made by a pair of load leads 18 and 20 and a pan of 
sense leads 22 and 24. Across the load leads is a load bank 26 that may comprise one or more 
resistors selectively inserted under the direction of controller 30. The controller may 
eommunicate with memory 32 and display 34 in conventional manner. The d 1S play may 
comprise an LCD device or equivalent. Input and output devices, shown generally at block 
36 provide data input to the controller or transmission of data from the controller. For 
example, pre-established impedance thresholds for the specific vehicle components and testmg 
routines may be supplied to the controller from an input device for storage m memory. 
Testing results and analyses may be transmitted from the controller to an external site. 

The circuit connection points under test may be loaded by application of an AC current 
to load bank 26 via oscillator 38 and voltage-to-current converter 40. The oscillator is 
connected to controller 30. Current sense amplifier 41 , connected across the load bank 
outputs a signal to an input of one channel of A/D converter 50. Connected to the sense leads 
22 and 24 are DC volt amplifier 42, alternating current ripple amplifier 44 and AC voltage 
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amplifier 46, the output of the .atter appfied to filter and rectifier 48. Each of these amp fie. 
pro vides an output to a respective channe, input of A/D converter 50. The stgnais prov.ded by 
these inputs are utilized hy controller 30 to calculate impedance values using Ohm's law. 
Testing may also take place while hattery charger 52, with associated feedback control 54 
provides charging current to the battery. Reference is made to copending U.S. apphcatton 
(,.,. rwv„ N „ 66396-034). filed June .3, 2003, for disclosure of a battery chargmg ctrcut. 
and tester related to charger 52 and control 54. 

As an example of operation of the system impedance measurement, an automated test 
may sequentially step the user through many test points of a vehicle starting and chargmg 
circuit The tester measures the circuit impedance at these points and records them for 
analysis upon comp.etion of the test A flow char, for this particular automated teat example 
is shown in Figs. 3a-3d. The user would first connect the tester leads to the positive and 
negative terminals of the battery a. the star, of the test, step 70. The unit will tea, the 
connections a, step 72 to verify that all four connections are good before proceeding Good 
connections are indicated, for example, by similar readings on each load and sense ead pan. 

At step 74, the tester measures and records the impedance of the battery. Tins 
measurement will be the basis for al, other measurements taken during this test. The tea, tune 
impedance measurements are available to the user via the tester display in step 76. A, step 78, 
the tester prompts the user to continue, for example, by pressing a key. The prompt may also 
indicate that the user change Ore lead connections for the next tes, In this example, the tester 
W ou.d display along with the measured impedance of the battery a. step 76, a prompt to the 
user to move the .eads from the positive battery terminal to the alternator output post The 
system will be pfaced in a wait state for a user response for a period of time, after whtch the 
test is terminated in the absence of a response to the prompt. 

If me user has input a response, as determined in step 78, the measured rmpedance of 
ft. battery is stored a. step 80 and the user will have changed the ,ead connections to the 
alternator as prompted. At step 82, verification of good connections is again made. The 
alternator circuit impedance is measured and recorded a. step 84 and displayed a. step 86. 
Also displayed is a prompt to the user to move the test lead connections from the ahernator to 
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the positive terminal of the starter or an auxiliary point in the electrical circuit. In response to 
a positive response to the user prompt in step 88, the measured impedance of the alternator 
circuit is steed a, step 90 and the user will have changed the lead connections to the starter as 
prompted. 

5 At step 92, verification of good connections is again made. The starter circuit 

impedance is measured and recorded at step 94 and displayed at step 96. Also displayed is a 
prompt ,o the user to move the test lead connections from file starter to an alternative test 
terminal such as a remote battery or other circui, point In response «o a positive response to 
the user prompt in step 98, the measured impedance of the slater is stored a. step 100 and the 
,0 user will have changed .he lead connections as prompled. A, step 102, verification of good 
connections is again made. The circuit impedance is measured and recorded at step 104 and 
displayed at step 106. The display in step 106 may include a prompt to the user to change 
connections for a further lest and the process would continue as described above until no 
further prompts are issued. In me illustrated example, no further test is prompted; .he user is 
,j prompted to continue .0 complete the testing procedure. In response to positive indication a. 
step 108, the impedance of .he circui. is stored a. step 1 10. A, step 1 12, the tester analyzes the 
test date. The difference for each impedance test is calculated. A. step 1 14 the raw data as 
well analysis results may be displayed. 

The test data can be displayed or analyzed in a number of ways. One possibility is to 
20 display or print .he actual impedance measurements a. each specific lest point. The user can 
then interpret the data. Alternatively, the tester can calculate the differences in impedance 
between the different test points and compare them to cu. points stored in memory or to cu. 
points input by the user. Data may be analyzed by comparing raw impedance measurements 
,0 slore values, which can be related .0 the vehicle type, make, mode, or VIN number, etc., of 
25 .he vehicle under test. Displayed analysis results may include pass/fail criteria for the system 
as a whole or individual components and other calculations, such as available cranking 
current. 

Fig 4 is a flow chart of a process for the testing system previously described by which 
,he real time impedance display represents the difference between the calculated value of 
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impedance at the current test points and a reference value. For this purpose, use may be made 
of an offset register. At step 200, the offset register is loaded with a zero value, indicating 
zero impedance. At step 202, measurement is made of the impedance at test points, for 
example, the battery terminals. At step 204, determination is made as to whether a zero 
reference flag has been set by the user. If a positive outcome is determined in step 204, the 
currently measured impedance value is loaded into the offset register as an impedance value 
reference. Othenvise, the register remains with zero value. At step 206, calculation is made 
of the difference between the currently measured impedance value and reference value stored 
in the register. This calculation yields a new impedance value reading. At step 208, the 
available cranking current is calculated from the current test. At step 210, the new impedance 
value reading and the available cranking current value are displayed. The process returns to 

step 202 for subsequent testing. 

The user has the capability to set the "zero reference flag" so that any test impedance 
reading can be set as the reference. The user thus can have the immediate access to display of 
the difference between circuit impedance taken at any points in the circuit in subsequent tests 
and the impedance, for example, of the battery. At the user's option, the reference impedance 
value may be changed at a different test point to display the difference value for a subsequent 
test at different test points. Alternatively, subsequent tests may be taken under different 
loading and/or charging conditions for the same test points. For example, successive tests 
may be taken at the battery terminals under different loading conditions. The user may 
immediately be able to recognize an abnormal difference reading. 

Fig. 5 illustrates an adapter 100 that can be used to extend the length of most Kelvin 
style clamp/connections on test instruments that require Kelvin type connections, such as the 
test system of Fig. 2 so that a remote or normally inaccessible test point can be readily coupled 
to the test system. Terminal block 102 comprises terminals 104 and 106, which are separated 
by insulating material 108. A pair of conductors 1 10 and 1 12 are attached one end, 
respectively, to terminals 104 and 106 and attached at the other end to Kelvin clamp 1 14 that 
may connect to vehicle test terminal. The terminal block is configured for mating its terminals 
104 and 106 to the Kelvin clamp of the system tester. 



8 



WDC99 775026-3.066396.0049 



10 



15 



20 



,„ the testing operation described above, for example, one of.be test point connections 
may remain a, the negative terminal of.be battery while .he Kelvin clamp connection ,s to he 
m „ved to me remote .est point If fine Ke.vin elamp of me system .es.er for load .ead 18 and 
source .ead 22, for examp.e, canno. easily make con.ree.ion wi«h .he new .est point, i. can be 
clamped <o .he terminal block 102. The Kelvin clamp 114, due to the extended length 
provided by conductors 110 and .12, provides the required access to the test point. A smrtiar 
adapter can be provided if both circuit test points are remote. 

In summary, a test system and method has been described that uses impedar.ee 
measurement capabilities to diagnose problems with the wiring and or connections ,n an 
automotive style starting and charging system. The tester may evaluate the integrity of.be 
cabling and connections between the different component used in fire starting and chargmg 
circui. These irems may include a battery, alternator or generator, starter, voltage regulator, 
remote connection posts, solenoids and outer components. The method of measurmg 
impedance may be one of many differen, methods, for example, using application of a small 
AC load to the circui. in question and measuring the voltage response to fins load. 

,„ this disclosure there is shown and descnbed only preferred embodiments and but a 

few examples of flreir versatility. I. is .0 be understood that the disclosure!* capableof use m 
variouso,hercombinationsande„vironmen.sandiscapab.e„fchangesormod,f,cationsw,.h,n 

t hescopeof t heinventiveco»ceptasexpressedherein.Forexample,.hee.ectrical,ester 

technology may be embedded in the vehicle system rather man as a stand alone devtce. As 
ano.herexample,in«neau.oma.ed t es t mode,theusermaybe g ivenmeop,iona ft ereach,es,«o 

eo^e.e.heprocefiureandobUinafinalreadou.analysisresute. Another option may prov.de 
.neuser.oes.abhsbinmesys.em.es.erapreferredsequenceof.es.si.esforautoma.edtesting. 

The embodiments described herein may include or be utilized with any approprrate 
voltage source, such as a battery, an al.ema.or and the like, providing any appropriate voltage, 
such as abou. 12 vote, abou. 42 volts and fire like. The embodiment may be used wtth any 
desired system or engine. Those systems or engines may comprise items utilizing tad Ms, 
such as gasoline, natural gas, propane and the like, electricity, such as that generated by 
battery magneto, solar cell and .he like, wind and hybrids or combinations thereof. Those 
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systems or engines may be incorporated into other systems, such as an automobile, a truck, a 
boat or ship, a motorcycle, a generator, an airplane and the like. 
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